Introduction
N-Phenylsulfonylbenzamides have shown a wide range of practical properties. The compounds of this class exhibit often remarkable fungicidal [1] , herbicidal [2] and antibacterial [3] [4] [5] activities and effects. Moreover, several N-phenylsulfonylbenzamide derivatives are efficient glitter forming agents and are used in electrolytic metallizations [6] [7] [8] . The pK HA values of substituted N-phenylsulfonylbenzamides were determined in five polar organic solvent and the substituent and solvent effects on the dissociation equilibria were investigated [9, 10] . To the best of our knowledge, the IR spectral and theoretical data for substituted N-phenylsulfonylbenzamides were not studied systematically and have not been reported so far.
The biological importance and practical applications of N-phenylsulfonylbenzamides led us to continue the study of these compounds, namely in the fields of IR spectroscopy, structural calculations and correlation analysis. Therefore, the aim of this work was to measure the IR spectra, to calculate the PM3 structural data and to study the MP and DP correlations for p-substituted N-phenylsulfonylbenzamides of series A and B, compounds 1 -16 (Scheme 1).
Scheme 1
Series A Series B X = 1 -N(CH 3 ) 2 , 2 -NH 2 , 3 -OCH 3 , X = 11 -N(CH 3 ) 2 , 12 -OCH 3 , 4 -CH 3 , 5 -H, 6 -F, 7 -Cl, 8 -Br, 13 -CH 3 , 14 -F, 15 -Cl, 16 -CN 9 -CN, 10 -NO 2
Results and Discussion
The infrared spectral data of compounds 1 -16 as measured in trichloromethane are listed in Table  1 . All three characteristic structural fragments of p-substituted N-phenylsulfonylbenzamides, the C=O, SO 2 and N-H groups, are described by their stretching vibrational wavenumbers. The absorption bands of both the symmetric and asymmetric stretching vibrations of the SO 2 group are observed nearly in the same regions as the ν s (SO 2 ) and ν as (SO 2 ) bands for the recently reported substituted benzenesulfonamides [11] . The absorption bands of ν (C=O) and ν (N-H) vibrations appear in the expected regions of the wavenumbers characteristic for N-substituted benzamide derivatives [12] . The calculated PM3 bond orders and Mulliken charges for all bonds and atoms on the three characteristic structural fragments of compounds 1-16 are given in the Table 2 . The PM3 optimized structure of the unsubstituted parent compound 5 is shown in Figure 1 . Tables 2-3 also shows the calculated PM3 charge densities for the hydrogen atom of the N-H group in the undissociated molecules and the heats of the formation for both the undissociated (I) and dissociated (II) molecules, which play a crucial role in the determination of the pK HA values, used later in the correlations with spectral and theoretical data (see Scheme 2). Fifty mono parameter (MP) correlations of the IR spectral data, theoretical data, substituent constants and the pK HA values measured in five organic solvents (MeOH, CH 3 CN, DMF, DMSO and Py; taken from our previous publications [9, 10] ) are compared in Table 4 .
Scheme 2.
In a few cases some points were omitted from the correlations as outliers, mainly for compounds containing extremely polar substituents in p-position, as N(CH 3 ) 2 , NH 2 and NO 2 . For the two differently substituted series A and B in most cases also different correlation results were obtained. However, some correlations concerning bond orders and pK HA values create significant common regression lines for both series A and B. This is in a good agreement with the previous conclusion, that due to the extensive delocalization of the negative charge in the conjugated base the overall transmission effects of the C=O and SO 2 groups on the transmission of substituent effects are roughly equal [9] . In the case of the correlations of IR spectral data for the SO 2 group the most significant correlations are obtained using the arithmetic means ( ) (SO ν 2 ) of the wavenumbers of both ν s (SO 2 ) and ν as (SO 2 ) vibrations. In the correlations of IR spectral data with substituent constants for the extensively conjugated C=O and SO 2 groups the best results are obtained when the electrophilic Brown-Okamato΄s σ + values are used. However, in the case of the N-H group which is cross-conjugated with the C=O and SO 2 groups the best results are obtained using original Hammett σ constants. Both series of substituent constants were taken from [13] . For pK HA vs. ∆E correlations the energy ∆E, proportional to the dissociation equilibrium, was defined as the difference between the heats of formation of the dissociated anion (II) and the undissociated molecule (I) (see Scheme 2): ∆E = ∆H f (II) -∆H f (I) (1) In the series of correlations with pK HA values determined in five different solvents the effect of the solvent on the ρ values can be evaluated using a variety of solvent parameters [14] . In this study we tried to use the following solvent parameters: E T (30), π * , basicity (B * ) and the parameter β. From all possible attempts only the correlations using solvent basicity parameters (B * ) [14] were satisfactory for the IR properties of the C=O and N-H groups. The results are given in Table 5 . The results show that mainly the C=O and N-H groups in N-phenylsulfonylbenzamides contribute to the change of the dissociation equilibria upon the solvent basicity variation. It is also evident from the Table 5 , that the series of compounds B are more sensitive to the solvent effects as the compounds of series A. The negative slope of the correlation for the N-H group indicates that this structural fragment exhibits an opposite solvent effect than the C=O group. Table 6 contains six dual parameter (DP) correlation for IR spectral data and Mulliken charges of atoms representing the three characteristic groups (C=O, N-H and SO 2 ) of the investigated compounds 1 -16. A similar approach has been reported for ν( SO 2 ) values by Castan and Dagnac [15] and recently for the ν( SO 2 ) and ν( NH 2 ) values by us [11] . However, as it follows from the statistical parameters in the Table 6 , such a DP correlation does not bring further significant improvement in the quantitative study of the substituent effects of N-phenylsulfonylbenzamides. Finally, the previously discussed MP correlation suggest a conclusion that the factors controlling dissociation equilibria as well as the IR spectral and structural properties in p-substituted N-phenylsulfonylbenzamides must be the same.
